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Natural Disasters: Resource Lists
Created by Dr. Hilary Martens
Department of Geosciences
University of Montana, Missoula
Fall 2019
This document includes a syllabus, unit-by-unit lists of open and free resources for a semester-long course,
a description for a course project, and optional readings and games. The course covers plate tectonics,
earthquakes, volcanoes, tsunamis, tornadoes, hurricanes, climate change, floods, fires, landslides,
avalanches, and impacts with space objects.
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Syllabus for Geo 107N: Natural Disasters
Course description:
Earth is a dynamic planet that generates energy internally and acquires energy from outside sources. The
concentration and release of energy due to natural processes can cause catastrophic destruction and loss
of life. The Earth currently supports a human population of over 7 billion, and the population continues to
grow. Understanding the science and risks behind natural disasters can help us to prepare for and mitigate
the impact of destructive events. In this course, we will explore many of the most common natural
disasters and the forces that drive them. In particular, we will study plate tectonics, earthquakes,
volcanoes, tsunamis, tornadoes, hurricanes, climate change, floods, fires, landslides, avalanches, and
impacts with space objects.
Learning Outcomes:
By the end of the course, students should be able to:
1. Describe the causes and consequences of plate tectonics and the transfer of energy between Earth
systems
2. Differentiate between natural hazards, disasters, and risks
3. Describe the physical processes that drive a wide variety of natural disasters
4. Develop plans for personal preparedness in their own communities
5. Assess natural hazards in the environment based on previous natural events and physical
characteristics
6. Consider how natural events can trigger or exacerbate other natural events
7. Discuss best practices for mitigating economic losses and human casualties from future natural
disasters
8. Appreciate the impact of natural hazards on society and the role that science can play in hazard
mitigation
Required assignments and exams:
1. Daily Readings: You are expected to complete daily readings as you work through the course.
2. [20%] Term Project: Natural Disaster in the News (Part 1: Select and Summarize; Part 2: Analyze and
Reflect)
3. [20%] Daily Quizzes: One quiz per lesson. You may re-take the quizzes; I will only keep your highest
scores.
4. [15%] Participation: Forums and Kick-Start Activities; graded for grammar, completeness, and
thoughtfulness.
5. [10%] Midterm Exam 1: Energy and Earth Systems, Plate Tectonics, Earthquakes I, Earthquakes II
6. [10%] Midterm Exam 2: Tsunamis, Volcanoes, Mass Movements, Atmosphere and Oceans
7. [10%] Midterm Exam 3: Storms and Extreme Weather, Climate Change, Floods, Hurricanes
8. [15%] Final Exam: Comprehensive (covering all units)
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Course Calendar:
Dates
08/26 – 08/30
26 August
28 August
30 August
09/02 – 09/06
02 September
04 September
06 September
09/09 – 09/13
09 September
11 September
13 September
09/16 – 09/20
16 September
18 September
20 September
09/23 – 09/27
23 September
25 September
27 September
09/30 – 10/04
30 September
02 October
04 October
10/07 – 10/11
07 October
09 October
11 October
10/14 – 10/18
14 October
16 October
18 October
10/21 – 10/25
21 October
23 October
25 October
10/28 – 11/01
28 October

Topic
Energy and Earth Systems
Unit 1: Energy and Earth Systems
Unit 1: Science of Disasters
Unit 1: Hazard and Risk
Plate Tectonics
Labor Day – No Class
Unit 2: Earth Structure
Unit 2: Plate Boundaries
Earthquakes I
Unit 2: Sea-Floor Spreading
Unit 3: Faults
Unit 3: Seismology
Earthquakes II
Unit 3: Earthquake Magnitude and
Intensity
Unit 4: Earthquake Forecasting
Unit 4: Earthquake Hazard and Risk
Tsunamis
Unit 4: Earthquake Early Warning
Unit 5: Physics of Tsunamis
Unit 5: Tsunami Effects and
Mitigation
Volcanoes
Unit 6: What are Volcanoes?
Unit 6: Volcanic Eruptions
Unit 6: Volcano Hazards
Mass Movements
Catch-up / Independent Study Day
Unit 7: Causes of Mass Movements
Unit 7: Types of Mass Movements
Atmosphere and Oceans
Unit 8: Earth’s Water Cycle
Unit 8: Ocean-Atmosphere
Interactions
Unit 8: Monsoons and Mountain
Winds
Storms and Extreme Weather
Unit 9: Drought and Heat Waves
Unit 9: Severe Storms
Unit 9: Tornadoes
Climate Change
Unit 10: Principles of Climate

Assignments and Due Dates
Readings, Discussion Questions, and Daily Quizzes

Readings, Discussion Questions, and Daily Quizzes

Readings, Discussion Questions, and Daily Quizzes

Readings, Discussion Questions, and Daily Quizzes
Last day to drop course

Readings, Discussion Questions, and Daily Quizzes

Due: Midterm Exam 1
Readings, Discussion Questions, and Daily Quizzes

Readings, Discussion Questions, and Daily Quizzes
Opportunity to work on projects, readings, exams,
and quizzes
Due: Project Part 1
Readings, Discussion Questions, and Daily Quizzes

Readings, Discussion Questions, and Daily Quizzes

Due: Midterm Exam 2
Readings, Discussion Questions, and Daily Quizzes
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Dates
30 October
01 November
11/04 – 11/08
04 November
06 November
08 November
11/11 – 11/15
11 November
13 November
15 November
11/18 – 11/22
18 November
20 November
22 November
11/25 – 11/29
25 November
27 November
29 November
12/02 – 12/06
02 December
04 December
06 December
09-13
December

Topic
Unit 10: Climate History
Unit 10: Mitigation of Climate
Change
Floods
Unit 11: Stream Flow
Unit 11: Flood Intensity
Unit 11: Mitigating Flood Damage
Hurricanes
Veterans Day Observed – No Class
Unit 12: Hurricane Formation
Unit 12: Hurricane Damages
Wildfires
Unit 13: Causes and Stages
Unit 13: Spread of Fires
Unit 13: Montana Wildfires
Break
Catch-up / Independent Study Day
Student Travel Day – No Class
Thanksgiving Break – No Class
Space Objects
Unit 14: Space Objects
Unit 14: Historic Impacts
Unit 14: Risk of Impacts
Final Exam

Assignments and Due Dates

Readings, Discussion Questions, and Daily Quizzes

Due: Project Part 2
Readings, Discussion Questions, and Daily Quizzes

Due: Midterm Exam 3
Readings, Discussion Questions, and Daily Quizzes
Opportunity to catch-up, work ahead, and study
for the Final
Readings, Discussion Questions, and Daily Quizzes

Available: Final Exam @ 5 PM
Final Exam (Due: Friday 13 December 2019 by 5
PM)
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Resource List for GEO 107N: Natural Disasters – Unit 1
Unit 1: Energy and Earth Systems
Reading: Physical Geology by Steven Earle, section 1.2
Discussion Forum: Show and Tell: Personal Experiences
Please respond to the following open-ended discussion prompt using 4-6 complete sentences. Feel free to
upload a photo or video, if you like (not required).
Please describe a personal experience that you or a loved one have had with a natural disaster. If you have
not experienced a natural disaster first-hand, then please describe a natural disaster in the news that left a
lasting impression on you.
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Lesson 1: Energy and Earth Systems
Video: A guide to the energy of the Earth. Presentation on the main sources of energy applicable to the
Earth as well as the impact and importance of energy on human populations. The video also discusses the
connections between different components of the Earth system. | Video credit: TED-ED
Video: The reason for the seasons. The video illustrates the reason that the Earth has seasons. | Credit:
California Academy of Sciences
Image: Diagram showing the five main components of the Earth system. Credit: NASA

Image: Diagram describing the five main components of the Earth system. Credit: NASA

Video: Big Idea 3: Earth’s Systems Interact. Discussion of the four main components of the Earth system:
geosphere, hydrosphere, atmosphere, and biosphere. The video also discusses energy sources that drive
6

dynamic processes on the Earth, and how the various components of the Earth system interact. Pay close
attention to the sources of energy into the whole Earth system as well as the interactions between the
different components of the Earth system. Questions for thought: How do humans interact with each of
the four spheres of the Earth system? What are some of the ways in which humans rely on the four
spheres for survival? | Video Credit: American Geosciences Institute
Video: A Brief History of Geologic Time. Provides an introduction to the history of life on Earth and to the
Geologic Time Scale, which scientists use to relate rock and fossil records to time and to map out the
history of the Earth system. | Credit: PBS Eons ]
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Lesson 2: Science of Disasters
Image: Basic components of the scientific method. | Source: Wikimedia
Video: The Scientific Method: Steps, Examples, Tips, and Exercise. Introduction to the scientific method,
including examples and common pitfalls. | Credit: Patreon -- Sprouts
Video: Education for Disaster Preparedness. Presentation on the value of education and preparedness in
mitigating the risks of natural disasters. While you watch, consider the education that you received in
school regarding natural disasters relevant to your local community. | Video credit: UNESCO
Supplemental Reading: Open Geology: An Introduction to Geology



Section 1.1: "What is Science?" (not the whole page!)
Section 1.2: "The Scientific Method"
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Lesson 3: Hazard and Risk
Video: Human Population Through Time. Illustration of the growth of the human population over time. |
Video credit: American Museum of Natural History.
Video: 7 Billion, National Geographic Magazine. Presentation on the growth of the world human
population, including trends in how humans concentrate into urban areas. | Video credit: National
Geographic
Image: Global annual deaths from natural catastrophes, differentiated by disaster type from 1900 to 2016.
The size of the bubble represents the total death count per year. What patterns do you notice in the data?
Which natural events tend to cause the greatest loss of life? How have the patterns changed over time?
What have been the deadliest events in the past couple decades? Note also that small disasters are far
more common than large disasters. | Credit: Hannah Ritchie and Max Roser; Our World in Data
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Image: Global economic losses from natural disasters, differentiated by disaster type. What patterns do
you notice in the data? Which natural events tend to be the costliest? | Credit: Our World in Data

Video: Big Idea 8, Natural Hazards Affect Humans. Discussion of the impacts of natural disasters on human
populations, including how the risk of disasters increases with increasing population growth. When
watching the following video, please pay particular attention to the distinctions made between hazard and
risk. | Video credit: American Geosciences Institute
Supplemental Reading:



USGS: "Natural Hazards Science at the U.S. Geological Survey"
Understanding Risk in an Evolving World: Disaster Risk Management (DRM) (p. 20-22)

Optional Open Discussion and Q & A:
Use this space to post new discussion topics and questions related to the course content from Unit
1. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.

10

Resource List for GEO 107N: Natural Disasters – Unit 2
Unit 2: Plate Tectonics
Kick-start Activity: Global Earthquake Distributions
Consider the figure below, which shows the locations of earthquakes above magnitude 5.0 that occurred
worldwide between 2000 and 2008.

Please respond to the following prompt using 4-6 complete sentences:
What spatial patterns do you notice in the global distribution of earthquakes? Consider both geographic
location and depth in your response.
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Lesson 1: Earth Structure
Image: Schematic diagram illustrating a cross-section through the Earth. The main compositional and
mechanical layers of the Earth are labeled along with approximate thicknesses. | Figure credit:
Thinglink.com
Image: Schematic diagram depicting the primary compositional and mechanical layers of the Earth. Note
that the smaller cross-section on the left is drawn to scale; however, the larger wedge-like cross-section on
the right is not drawn to scale. | Figure credit: USGS
Image: Earth's major tectonic plates, which are in constant motion relative to each other. The red arrows
denote the directions of relative plate motion. In Montana, we live on the North American tectonic plate.
Note that most tectonic plates include both land and ocean areas. | Figure credit: USGS
Video: Layers of the Earth – What are they? How were they found? Visual illustration of the primary layers
of the Earth based on chemical composition and mechanical properties. The video also discusses the tools
and datasets that scientists used to investigate the structure of the Earth. | Video credit: Incorporated
Research Institutions for Seismology (IRIS)
Supplemental Reading:
 Physical Geology (Earle)
o Section 1.5: "Fundamentals of Plate Tectonics"
 Open Geology: An Introduction to Geology
o Section 2.2: "Layers of the Earth" (not the whole page!)
 Physical Geology (Earle)
o Section 9.4: "Isostasy"
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Lesson 2: Plate Boundaries
Video: Tectonic Plates – What are the lithospheric plates? Animation and discussion of plate tectonics,
including the mechanisms driving plate tectonics and the three types of plate boundaries. | Video credit:
IRIS
Image: Illustration showing the three main types of boundaries between tectonic plates: transform,
divergent, and convergent. The image also shows the geographic context for each type of boundary, as
well as secondary effects of the plate boundary, such as volcanism. | Credit: USGS

Video: What is a Volcanic Hotspot? Animation and description of hotspot volcanism, including proposed
theories for the generation of hotspot volcanoes and the evolution of hotspot volcanic systems through
time. | Video credit: IRIS
Supplemental Reading:
 Physical Geology (Earle)
o Section 10.4: "Plates, Plate Motions, and Plate-Boundary Processes"
Supplemental Activity:
 NOAA Ocean Explorer: Mid-Ocean Ridge Activity (explore the activity for fun and learning; it will
not be graded)
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Lesson 3: Evidence for Plate Tectonics
Image: Schematic diagram illustrating symmetric patterns of magnetic polarity about a ridge axis. The
magnetic patterns provided strong evidence in support of seafloor spreading, whereby new crust is
created at a ridge axis and the newly created seafloor spreads out symmetrically about the axis like a
conveyor belt. Seafloor spreading provided key evidence that led to the development of the theory of
Plate Tectonics. | Figure credit: USGS

Image: Global map depicting the ages of seafloor. Seafloor is youngest at spreading ridges. The oldest
seafloor is located far away from the ridges. Ages are given in millions of years (m.y.). | Figure credit:
Wikimedia Commons after Muller et al. 2008
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Animation: A visual animation of seafloor spreading and the motion of tectonic plates over the past 200
million years may be found here | Credit: National Oceanic and Atmospheric Administration (NOAA)
Video: Plate Tectonics – What Drives the Plates? Overview of Processes. The video shows plate tectonics in
action, with a focus on discussing the forces that drive plate tectonics: ridge push and slab pull. | Video
credit: IRIS
Supplemental Reading:
 Physical Geology (Earle)
o Section 10.1: "Alfred Wegener -- The Father of Plate Tectonics"
o Section 10.3: "Geological Renaissance of the mid-20th Century"
o Section 9.3: "Earth's Magnetic Field"
Supplemental Activity:
 NOAA Ocean Explorer: Seafloor Spreading Activity (explore the activity for fun and learning; it will
not be graded)
Classroom Engagement: Reply to a Discussion Post
Take a moment to return to the "Show and Tell" discussion at the start of Unit 1. This is where you shared
a personal experience about a natural disaster.
Review some of the posts made by your fellow classmates.
Which posts resonate with you the most? Why? Perhaps you have had a similar experience, or perhaps
you are interested to learn more about the event or your classmate's experience with the event.
Your task: Post at least one "Reply" to the response(s) that resonate with you the most. Your reply can be
open-ended. The goal here is to engage directly in discussion with another student in the course. Please be
respectful and considerate in your reply.
Open Discussion and Q&A (Optional):
Use this space to post new discussion topics and questions related to the course content from Unit 2. The
TA and I will respond to questions as quickly and as best as we can. We encourage each of you to respond
to posts as well, since peer-to-peer communication can be one of the best ways to learn.
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Resource List for GEO 107N: Natural Disasters – Unit 3
Unit 3: Earthquakes – Part 1
Kick-start Activity: USGS Earthquake Catalog
1. Navigate to the following webpage:
USGS Earthquake Catalog
(https://earthquake.usgs.gov/earthquakes/search/)
2. Let's search the USGS Earthquake Catalog for all earthquakes that occurred worldwide in the past week
and that had a magnitude of at least 2.5. For this search, the settings should be:




Magnitude: 2.5+
Date & Time: Past 7 Days
Geographic Region: World

3. Then click "Search" at the bottom of the page. Wait a moment for all the earthquakes to load. You
should see a world map with colored dots, which depict the recent earthquakes. Then click "Show Legend"
at the bottom of the map.




Earthquakes shown with a red color occurred within the last hour.
Earthquakes shown with an orange color occurred within the past day.
The list of earthquakes on the left side of the page orders the events chronologically, starting with
the most recent earthquake at the top. If you click on an entry in the list, you will be presented
with more information about the earthquake (e.g. depth, magnitude, location, date/time).

4. Answer the following questions:





In which country did the most recent earthquake occur?
At what date and time did the most recent earthquake occur?
What was the magnitude of the most recent earthquake? (Number at the left of each entry in the
list.)
What was the depth of the most recent earthquake?

Note: Keep in mind that everyone's answers will be different, depending on when they searched the
catalog.
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Lesson 1: Faults
Video: Seismology 101. An introduction to earthquake science, including discussions about why
earthquakes occur, how they occur, and how they are measured. | Video credit: Seismological Laboratory,
California Institute of Technology (Caltech)
Animation: Normal Fault. Animation showing slip along a normal fault. The hanging wall slides downward
relative to the foot wall. | Animation credit: IRIS
Animation: Reverse Fault. Animation showing slip along a reverse fault. The hanging wall slides upward
relative to the foot wall. | Animation credit: IRIS
Animation: Strike-slip Fault. Animation showing slip along a strike-slip fault. | Animation credit: IRIS
Image: A figure summarizing the three main types of faults: normal, reverse, and strike-slip. | Credit: USGS

Animation: Oblique Fault. Animation of slip along an oblique-normal fault. | Animation credit: IRIS
Supplemental Reading:
 Open Geology: An Introduction to Geology
o Section 9.6 only: "Earthquake Essentials"
 IRIS: "Elastic Rebound Theory"
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Lesson 2: Seismology
Animation: Propagation of Seismic Waves: P-waves. An animation of P-wave propagation. P-waves, or
pressure waves, are a type of seismic body wave. The waves travel through the interior of the Earth, and
the motion is a push-pull (compression-extension) motion, like sound waves traveling through the air. |
Animation credit: Wolfram
Animation: Propagation of Seismic Waves: S-waves. An animation of S-wave propagation. S-waves, or
shear waves, are a type of seismic body wave. The waves travel through the interior of the Earth, and the
motion is a side-to-side motion. | Animation credit: Wolfram
Animation: Propagation of Seismic Waves: Love waves. An animation of Love-wave propagation. Love
waves are a type of seismic surface wave. The waves travel along the surface of the Earth, and the motion
is a side-to-side motion. | Animation credit: Wolfram
Animation: Propagation of Seismic Waves: Rayleigh waves. An animation of Rayleigh-wave propagation.
Rayleigh waves are a type of seismic surface wave. The waves travel along the surface of the Earth, and the
motion is a rolling motion, like waves in the ocean. | Animation credit: Wolfram
Image: Anatomy of a wave. The diagram illustrates elevation, or displacement, as a function of distance
along the direction of wave travel. | Credit: Wikimedia Commons
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Image: Anatomy of a wave. The diagram illustrates elevation, or displacement (x(t)), as a function of time.
| Credit: Wikimedia Commons

Image: Schematic diagram showing the hypocenter (or focus) of an earthquake on a fault plane inside the
Earth, as well as the epicenter of the earthquake, which is the projection of the earthquake location up to
the surface of the Earth. The surface projection of the earthquake location is called the epicenter. | Figure
credit: Wikimedia Commons

Animation: Body waves from distant earthquakes travel a curving path through the Earth, arriving at
seismic stations from below. (8 sec) The compressive motion of a P-wave is in the direction a wave travels;
thus, the motion of the seismometer will be mostly vertical with little horizontal motion. (17 sec) The S19

wave motion has a shearing motion perpendicular to the ray path; thus, the S-Wave produces chiefly
horizontal movement. (26 sec) Surface waves travel in an undulating pattern across the surface of the
Earth, producing up-down, back-forth, side-to-side motion. (34 sec) The seismogram merely depicts
motion, not direction of motion. The movement of the building is exaggerated to show the relative motion
of each wave, only detectable by seismometers at this distance. | Animation credit: IRIS
Animation: Stations A through D will respond to an earthquake with compressive P-waves, shearing Swaves, and rolling surface waves. (10 sec) The signals are recorded on the seismograms by color code as
they arrive at each station. In reality, only Station A would respond to the earthquake, whereas the distant
stations can only detect seismic waves using sensitive instruments. (25 sec) But here, we jostled them in
cartoon fashion to emphasize compressive- and shear-wave motions that appear on seismograms. We can
use the travel-time distance between the fast P-waves and the slower S-waves to figure out how far the
earthquake was from each station using a simple travel-time curve that seismologists developed to locate
earthquakes. (48 sec) Let’s look at Station B. The seismogram shows that the P-wave arrived 9 minutes and
the S-wave arrived 15 minutes after the earthquake occurred: a difference of 6 minutes. (1 min 1 sec) If we
replace the seismograms with a travel-time graph, and take a small bar 6-minutes long, we find that it fits
in only one location between the red P- and blue S-wave curves: a location that indicates that Station B is
about 2700 miles from the epicenter. | Animation credit: IRIS
Video: Earthquake Location. Demonstration of earthquake location methods. On the map, the earthquake
is shown as a yellow star. When the earthquake occurs, seismic waves are released and travel outward in
all directions. P-waves (red line) travel the fastest and are the first to be recorded by seismic stations
(inverted triangles). S-waves (blue line) travel a bit slower than P-waves and are recorded later. Due to the
differences in travel times between P-waves and S-waves, we can compute approximate distances
between each seismic station and the earthquake. To estimate the location of the earthquake, we can plot
the distances as circles about each seismic station. The point at which the circles overlap corresponds to
the approximate location of the earthquake. | Video credit: Cambridge University Volcano Seismology
Supplemental Reading
 Physical Geology (Earle)
o Section 9.1: "Understanding Earth through Seismology"
 Open Geology: An Introduction to Geology
o Section 9.7.1: "Seismographs"
o Section 9.7.2: "Locating Earthquake Epicenters with Triangulation"
o Section 9.7.3: "Seismograph Network"
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Lesson 3: Earthquake Magnitude and Intensity
Video: Moment Magnitude Explained – What Happened to the Richter Scale? Magnitude scales are
explained, including the moment magnitude scale, which is most commonly used today. | Video credit: IRIS
Image: An abbreviated version of the Modified Mercalli Intensity scale. | Credit: USGS

Video: Earthquake Intensity – What controls the shaking you feel? Relationships between earthquake
magnitudes and intensities are discussed. Several examples are provided to illustrate each. | Video credit:
IRIS
Video: 1964 Quake: The Great Alaska Earthquake. Video footage and commentary from the 1964 Great
Alaska Earthquake. The magnitude MW 9.2 event is the second largest earthquake in seismic-recorded
history. | Video credit: USGS
Reading: The Great MW 9.2 Alaska Earthquake and Tsunami of March 27, 1964 | Credit: USGS
Supplemental Reading:
 Physical Geology (Earle)
o Section 11.3: "Measuring Earthquakes"
 IRIS: "How Often Do Earthquakes Occur?"
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Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit 3.
The TA and I will respond to questions as quickly and as best as we can. We encourage each of you to
respond to posts as well, since peer-to-peer communication can be one of the best ways to learn.
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Resource List for GEO 107N: Natural Disasters – Unit 4
Unit 4: Earthquakes – Part 2
Advanced Forum: Question for Thought: Earthquake Risk
Consider the following earthquakes:




In 1959, a magnitude 7.3 earthquake struck Montana and killed approximately 30 people.
In 2010, a magnitude 7.0 earthquake struck Haiti and killed approximately 200,000 people.
In 2011, a magnitude 9.0 earthquake struck Japan and killed approximately 10,000 people.

Please respond to the following prompt using 4-6 complete sentences:
The magnitude of an earthquake tells us about the size of an earthquake in terms of energy release. Why
do you suppose that larger earthquakes can sometimes claim fewer lives and cause less damage than
smaller earthquakes? Please provide at least three plausible reasons.
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Lesson 1: Earthquake Forecasting
Video: CalTech Seismologists Analyze Strength of Mexico Earthquake. News coverage of the magnitude MW
8.1 earthquake that struck southern Mexico in 2017. | Video credit: CBS Los Angeles
Video: Geophysics and Earthquake Prediction. Dr. Rebecca Bendick from the University of Montana
discusses new advances and priorities in earthquake forecasting. | Credit: SciShow
Supplemental Reading:
 Physical Geology (Earle)
o Section 11.5: "Forecasting Earthquakes and Minimizing Damage and Casualties"
 USGS: "Forecasting California's Earthquakes—What Can We Expect in the Next 30 Years?"
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Lesson 2: Earthquake Hazard and Risk
Video: Preparedness Now, The Great California Shakeout. Designed to educate California residents about
the realistic outcomes of a hypothetical, but plausible, future earthquake along the San Andreas fault.
Developed in advance of a state-wide earthquake drill called the Great California ShakeOut, the video aims
to empower residents to prepare and to respond appropriately when shaking hits. | Video credit: Great
California ShakeOut
Video: Jimmy Kimmel and the 2012 Great California ShakeOut. A comedic video with a purpose. Comedian
Jimmy Kimmel discusses the state-wide California earthquake drill called the Great California ShakeOut.
Among the jokes, he correctly describes the appropriate way to respond in the event of an earthquake:
drop, cover, and hold on. | Video credit: ABC / Jimmy Kimmel Live
Website: "Did You Feel It?" A great example of citizen science, where large groups of individual, amateur
(non-professional) scientists contribute meaningfully to scientific research.
Resources: USGS Earthquake Education and Federal Emergency Management Agency’s (FEMA) Earthquake
Publications.
Image: Map of relative earthquake hazards in the United States. Pink represents the highest level of hazard
and light grey represents the lowest level of hazard. | Source: USGS
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Supplemental Reading
 USGS: "Introduction to the National Seismic Hazard Maps"
 USGS: "Earthquake Hazards -- A National Threat"
 FEMA: "Be Prepared for an Earthquake"
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Lesson 3: Earthquake Early Warning
Video: GPS and Earthquake Early Warning. Presentation of the theory behind earthquake early warning
systems, and how they are being developed for the west coast of the U.S. | Video credit: UNAVCO / IRIS
Video: ShakeAlert – Earthquake Early Warning. How does it work? Presentation of the ShakeAlert
earthquake early warning system being developed in southern California. The video includes a simulation
of how the ShakeAlert system would respond during a hypothetical, but plausible, magnitude 7.8
earthquake in southern California. | Video credit: IRIS
Supplemental Reading
 USGS: "ShakeAlert—An Earthquake Early Warning System for the United States West Coast"
 USGS: "Reducing Risk Where Tectonic Plates Collide"
Optional: Eyewitness Accounts of Montana's 1959 Hebgen Lake Earthquake
Do you or any of your parents, grandparents, neighbors and/or friends remember Montana's
Hebgen Lake earthquake from 1959? If so, and with their permission, please share their stories
here. The Hebgen Lake earthquake is an important piece of Montana history, and it would be great
to preserve some of their memories. You have the option to post anonymously if you prefer,
though it is interesting to know a bit about the person and circumstances behind the personal
account.
Optional: Eyewitness Accounts of Montana's 2017 Lincoln Earthquake
Did you feel the magnitude 5.8 earthquake that occurred south of Lincoln, Montana, on July 6th
2017? If so, please share your personal experiences here.

Optional: Open Discussion and Q & A
Use this space to post new discussion topics and questions related to the course content from Unit
4. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 5
Unit 5: Tsunamis
Community Engagement: Points of Connection
Please respond to the following open-ended prompt using 6-10 complete sentences.
Engage in a discussion with a friend, family member, roommate, or co-worker (of any age!) about their
experiences with natural disasters. You might consider asking the following questions:









Have you heard of seismology? Is that word familiar?
Tell me something fun you know about volcanoes.
Have you learned about plate tectonics in school?
What comes to mind when you hear the word "tsunami"?
Have you ever experienced a natural disaster first-hand?
Have you ever felt an earthquake?
Do you need to consider natural hazards as part of your job or family life?
How do you prepare for natural disasters in your community?

You can also create your own questions.
Please practice good listening skills and thank your interviewee for their time.
After your interview, please describe here the discussion you had with your interviewee. You may
optionally keep the identity of the person anonymous.
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Lesson 1: Physics of Tsunamis
Video: How Tsunamis Work – Alex Gendler. An introduction to tsunami science, including how tsunamis
are generated and how tsunami waves move through the ocean. | Video credit: TedEd
Image: Anatomy of a wave. | Credit: NWS Jetstream
Animation: Animation showing the disturbance of the sea surface caused by a passing wave. The water
undergoes a circular motion as the wave passes by. | Credit: NWS Jetstream

Video: Rare Video: Japan Tsunami. Video footage captured during the 2011 Tohoku-Oki earthquake and
tsunami disasters on 11 March 2011. | Video credit: National Geographic
Video: Tsunami Forecast Model Animation: Japan 2011. Simulation of tsunami waves generated by the
magnitude 9.0 Tohoku-Oki earthquake in Japan in 2011. | Video credit: NOAA / National Weather Service /
Pacific Tsunami Warning Center
Supplemental Reading:
 Introduction to Oceanography (Webb)
o Section 10.1: "Wave Basics"
o Section 10.4: "Tsunamis"
 UNESCO: "Tsunami: The Great Waves"
 NWS Jetstream: "Tsunamis vs Wind Waves"
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Lesson 2: Tsunami Effects and Mitigation
Video: Tsunami Preparedness: Applying Lessons from the Past. Presentation of tsunami hazards and
current mitigation strategies. Mitigation strategies are focused on rapid data analysis and early warnings of
incoming tsunami waves to communities in their path. | Video credit: National Oceanic and Atmospheric
Administration / National Weather Service
Video: TsunamiTeacher USA - Tsunami Basics. A review of tsunami science and safety procedures. |
Source: NOAA
Supplemental Reading:
 NWS Jetstream: "Historical Context" (Sumatra and Japan tsunamis)
 NWS Jetstream: "2004 Indian Ocean Tsunami"
 FEMA: "Be Prepared for a Tsunami"
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit
5. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 6
Unit 6: Volcanoes
Kick-start Activity: UM Students in Action!
Video: Volcanic Hazards Intro. UM masters student, Chelsea Leven, discusses her research on natural
hazards and science communication, including at Concepcion volcano in Nicaragua. | Video credit: Chelsea
Leven, UM College of Forestry and Conservation
Let's think beyond the classroom! Please respond to the following open-ended discussion prompt using 4-6
complete sentences.
Just like Chelsea, many UM students become involved in research and creative scholarship during their
undergraduate years. What inspires you? If you could become involved in a research or creative
scholarship project at UM to explore natural hazards, what would you study and why?
The question is open-ended; feel free to incorporate your own background, interests, and major into your
response. If you study economics, perhaps you would be interested to investigate the financial impacts of
natural hazards and disasters. If you are a musician, perhaps you would be interested to study innovative
methods of hazard communication with the public. Maybe you are most interested in the science, and
would like to study how magma flows beneath a volcano. Natural hazards are inherently interdisciplinary,
and experts from many different fields must be involved in hazard studies to find the optimal solutions to
very complex problems. I encourage you to be creative!
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Lesson 1: What Are Volcanoes?
Video: Volcano 101. Introduction to volcanoes, including formation mechanisms and eruption types. The
video briefly discusses the destruction that volcanoes can cause, as well as the benefits of volcanoes to
human civilization. | Video credit: National Geographic
Video: Magma Viscosity, Gas Content & Milkshakes. Discussion of viscosity and volatiles as they relate to
volcanic magmas and other materials. | Video credit: NSF / North Carolina State University
Video: How to Classify Volcanoes. The classification of volcanoes according to eruption styles and magma
properties are discussed. | Video credit: NSF / North Carolina State University
Supplemental Reading:
 Physical Geology (Earle)
o Section 4.3: "Types of Volcanoes"
Supplemental Activity:
 Smithsonian Museum: "Eruptions, Earthquakes, and Emissions"
o Have some fun exploring the interactive timeline! (no reading involved)
Check out this interactive time lapse video of earthquakes, volcanic eruptions, and sulfur-dioxide
gas emissions from volcanoes since 1960. What do you notice about the global distributions of
earthquakes and volcanoes?
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Lesson 2: Volcanic Hazards
Video: Explosive Earth. A short film on the eruption of the Bardarbunga volcano in Iceland in 2014.
Cambridge University students deployed seismometers, studied the earthquakes, and filmed active lava
flows and fountains. The film was shown as part of an exhibit called "Explosive Earth" at the Royal Society
in London. | Video credit: Cambridge University Volcano Seismology
Video: Pompeii: New Studies Reveal Secrets From a Dead City. A brief glimpse into what archaeologists are
uncovering at the cities of Pompeii and Herculaneum in Italy. The cities were destroyed by thick layers of
volcanic ash during the eruption of Mount Vesuvius in 79 AD. The eruption caught people unprepared, and
the thick ash blanketed both cities in a matter of hours. Many people were unable to escape the hot gases
and ash, and their bodies and possessions became frozen in time, only to be discovered nearly two
millenia later. | Video credit: National Geographic
Supplemental Reading:
 Physical Geology (Earle)
o Section 4.4: "Volcanic Hazards"
 FEMA: "Be Prepared for a Volcano"
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Lesson 3: Yellowstone Supervolcano
Video: The Colossal Consequences of Supervolcanoes – Alex Gendler. Volcanic eruptions, and particularly
supervolcanic eruptions, can significantly affect human society. The video examines supervolcanoes and
historic consequences of eruptions, including the deposition of ash into the atmosphere, global changes in
climate, and even shifts in global political powers and civilizations. | Video credit: TedEd
Supplemental Reading:
 USGS: "Steam Explosions, Earthquakes, and Volcanic Eruptions -- What's in Yellowstone's Future?"
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit
6. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 7
Unit 7: Mass Movements
Question for Thought: Hillside Living
Please respond to the following open-ended discussion prompt using 4-6 complete sentences:
Suppose you are looking to purchase a house. You have found one with a beautiful view that sits on top of
a cliff. If you were informed by an engineering professional that there is roughly a 50% chance that the
house will fall off the cliff due to a landslide within the next 100 years, would you still purchase the house?
How much risk would you be willing to take on? A 20% chance over 100 years? Explain your reasoning.
There are no right or wrong answers here. Individuals make choices all the time involving risk, and
decisions can vary greatly from person to person.
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Lesson 1: What are Mass Movements?
Video: Landslides. Eye-witness footage of landslides and discussion of the causes and consequences of
landslides. | Video credit: National Geographic
Image: Schematic diagram illustrating various types of landslides and their styles of motion. More
information on the figure can be found in the supplemental reading for today's lesson. | Credit: USGS

Video: Avalanches 101. An introductory video on avalanches, including avalanche hazards, types, and
causes. | Video credit: National Geographic
Supplemental Reading:
 USGS: "Landslide Types and Processes"
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Lesson 2: Landslide Hazards
Video: What Causes a Landslide? Landslides occur when gravity overcomes the frictional forces keeping
layers of rock in place on a slope. The ground we stand on is made up of layers of rock and other materials.
Often, a weak geological layer, for example a fragile layer of shale, will form a failure plane which makes a
slope unstable. The mass of material on top of this plane can be held in place by friction alone. (31 sec) If
something happens to disrupt the balance, then the top layer of land can slide away. Heavy rain is a
common cause of landslides. The water adds weight to the upper layer and resulting mud acts as a
lubricant. This extra weight and reduced friction can cause the upper layer to slide away. (54 sec)
Deforestation can contribute to landslides, too. A network of tree roots will hold land in place. But if the
trees are removed, the roots rot and the land becomes liable to slip. (1 min 8 sec) Earthquakes can also
trigger landslides. As the ground shakes, the upper layers of rock can become dislodged. It is possible to
support unstable ground by drilling long, metal bolts deep into the bedrock to hold the upper layer in
place. (1 min 24 sec) Some landslides happen extremely slowly, making buildings unstable as the ground
beneath them creeps over many years. Another form of rockfall is caused by coastal erosion. As ocean
waves collide with cliffrock, they can wear it away over time. When the weight of the resulting overhang
overcomes the strength of the rock, it will collapse. | Video credit: Telegraph
Image: A decomposition of the gravity vector (fg) into normal (fn) and shear (fs) components, shown here
for slopes with different steepness angles. The total gravity vector is equal to the sum of the normal and
shear components: fg = fn + fs. For steeper slopes, the shear force is greater than the normal force,
meaning that most of the force of gravity is directed along the plane of the slope. For gentler slopes, the
normal force is greater than the shear force, meaning that most of the force of gravity is directed into the
slope itself. | Credit: Introduction to Geology

Supplemental Reading:
 USGS: "Southern California Landslides -- An Overview"
 Washington Geological Survey (and others): "A Homeowner's Guide to Landslides"
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit
7. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 8
Unit 8: Atmosphere and Oceans
Community Engagement: Patterns and Trends
Please respond to the following open-ended discussion prompt using 5-7 complete sentences:
Take a moment to return to the "Community Engagement" activity at the start of Unit 5. This is where you
asked a member of the community about their familiarity with natural hazards.
Review some of the posts made by your fellow classmates.
What patterns and trends do you notice in the posts? What surprises you the most about community
members' knowledge and experience with natural hazards and disasters? How does this information
inform how you might communicate with members of the public about natural hazards in the future?
What might you change, if anything, about the vocabulary you use?
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Lesson 1: The Water Cycle
Image: The Water Cycle. The storage and transfer of water through the Earth system via the "water
cycle." | Source: USGS
Image: JetStream Max: What a Cycle! The storage and transfer of water through the Earth system via the
"water cycle." | Source: NWS JetStream
Video: The Water Cycle. Instructional overview of Earth's water cycle, including the processes that move
water through the various components of the Earth system and the reservoirs that can store water. Note
that the video says that "70% of all the water on Earth" is stored in the oceans; however, oceans cover 70%
of the surface area of the Earth but actually hold 97% of all the water on Earth. | Video credit: NSF / NBC
Learn
Video: Earth’s Water Cycle. Introduction to Earth's water cycle, including the forces that drive and affect
the motion and storage of water. The video highlights the important role that man-made satellites play in
studying and monitoring the dynamics of Earth's water cycle. | Video credit: NASA
Supplemental Reading:
 NWS JetStream: "The Hydrologic Cycle"
 Physical Geology (Earle)
o Section 13.1: "The Hydrological Cycle"
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Lesson 2: Ocean-Atmosphere Interactions
Image: Schematic diagram illustrating global atmospheric circulation and dominant wind patterns. | Credit:
Introduction to Oceanography (Webb) & Wikimedia Commons

Video: The Ocean: A Driving Force for Weather and Climate. Presentation on oceanic and atmospheric
currents, including how the ocean and atmosphere interact to drive the motion of water around the globe.
The El Nino and La Nina oscillations are discussed, as well as the role that satellites play in our
investigations of Earth's weather and climate. | Video credit: NASA
Image: Figure 1 (top) shows normal oceanic and atmospheric conditions over the Pacific Ocean. Figure 2
(bottom) shows ENSO oceanic and atmospheric conditions over the Pacific Ocean. | Source: NOAA]
Video: El Nino – What Is It? Discussion of El Nino and La Nina events, including how they develop and how
they impact global weather and climate. | Video credit: British Met Office
Video: Understanding El Nino. Understanding El Nino: A summary of the El Nino Southern Oscillation
phenomenon. | Credit: NOAA
Video: Understanding La Nina. Understanding La Nina: A summary of La Nina oceanic and atmospheric
conditions. | Credit: NOAA
Supplemental Reading:
 Introduction to Oceanography (Webb)
o Section 8.2: "Winds and the Coriolis Effect"
 Introduction to Oceanography (Webb)
o Section 9.6: "El Nino and La Nina"
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Lesson 3: Monsoons and Mountain Winds
Video: What is a Monsoon? Introduction to seasonal wind-flow patterns that drive the Asian monsoons. |
Video credit: British Met Office
Video: Monsoons: Wet, Dry, Repeat… Maps showing precipitation data collected by the NASA Global
Precipitation Measurement (GPM) mission. The video directly compares the summer monsoon with the
wind and precipitation patterns that occur during the dry winter months. The video also discusses the
effects of the seasonal monsoon on human populations. | Video credit: NASA
Image: Illustration of the rain-shadow effect. Warm, moist air from the sea condenses out on the
windward side of the mountain. Dry conditions are present on the leeward side. | Credit: Wikimedia
Commons

Video: How the Foehn Effect Works in New Zealand’s South Island. An introduction to mountain foehn
winds, which travel down the leeward sides of mountain ranges, bringing warm and dry air to the inland
communities. | Video credit: New Zealand Met Service
Reading:
 Introduction to Oceanography (Webb)
o Section 8.3: "Winds and Climate"
 UK Met Office: "Foehn Effect"
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit
8. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 9
Unit 9: Storms and Extreme Weather
Question for Thought: Role of Government and Citizens
Please respond to the following open-ended discussion prompt using 5-7 complete sentences:
What should be the roles and responsibilities of government officials and individual citizens/landowners
when it comes to preparing for and responding to natural disasters? Who should be responsible for
damage to life and property? Should individual citizens be allowed to live anywhere they choose? Should
officials be expected to provide warnings about all potential hazards? Explain your reasoning.
Note: Keep in mind that scientists are not "all-knowing" when it comes to natural hazards and disasters.
Many great scientific advancements in natural hazards have been made in the past century, but Earth
systems are complex and dynamic. We still have a lot to learn.
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Lesson 1: Drought and Heat Waves
Image: Illustration of the amount of fresh water on Earth, and the amount of fresh water available as liquid
surface water for human consumption. | Credit: NASA

Video: Cape Town is 90 Days Away From Running Out of Water After Three Years of Drought. A focus on a
historic drought in South Africa and how residents are being asked, and expected, to conserve water
resources. | Video credit: Time
Video: 4 Ways We Can Avoid a Catastrophic Drought. A discussion of possible solutions to a growing world
water crisis. As water resources are placed in higher demand, and with a changing climate, the speaker
offers some creative possibilities for mitigating potentially catastrophic droughts. | Video credit: Ted
Video: Heatwaves Explained. Introduction to heat waves, including their deadly effects on humans and
how hazards are increasing with climate change. | Video credit: Sydney Morning Herald
Reading:
 NASA: "Understanding Earth -- What's up with Precipitation?"
 USGS: "Drought"
 FEMA: "Be Prepared for Extreme Heat"
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Lesson 2: Severe Storms
Video: Why Do We Have Different Seasons? Visual illustration and explanation of the reason that the Earth
has seasons. | Video credit: California Academy of Sciences
Video: The Most Lightning-Struck Place on Earth. Video describing the basic physics behind lightning
storms, and how lightning strikes are distributed globally. The video discusses Lake Maracaibo in
Venezuela, which has the highest density of lightning strikes in the world. | Video credit: TedEd
Reading:
 NWS JetStream: "Ingredients for a Thunderstorm"
 NWS JetStream: "How Lightning is Created"
 FEMA: "Be Prepared for a Thunderstorm, Lightning, or Hail"
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Lesson 3: Tornadoes
Video: How Do Tornadoes Form? Short explanation of the physics behind tornado formation and
evolution. | Video credit: TedEd
Video: NOAA’s Weather-Ready Nation: Be a Force of Nature! A short public-service video aimed at
educating the public on how to respond during a tornado. | Video credit: NOAA
Reading:
 NOAA/NWS: "Thunderstorms, Tornadoes, Lightning... Nature's Most Violent Storms"
 NWS JetStream: "Thunderstorm Hazards -- Tornadoes"
 FEMA: "Be Prepared for a Tornado"
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit
9. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 10
Unit 10: Climate Change
Question for Thought: Climate Change
Please respond to the following open-ended discussion prompt using 5-7 complete sentences:
What do you see as some of the greatest challenges facing human society over the next century as a
consequence of climate change?
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Lesson 1: Principles of Climate
Video: Climate Change 101 with Bill Nye. Brief introduction to climate change and how humans influence
modern climate changes. | Video credit: National Geographic
Video: What Is Climate? Review of the differences between weather and climate, as well as a comparison
of global climates. | Video credit: Met Office
Video: How Does the Climate System Work? Illustration of how heat moves around in the atmosphere and
oceans, since the Earth is not heated uniformly by the Sun. | Video credit: Met Office
Supplemental Reading:
 Climate Literacy: The Essential Principles of Climate Science
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Lesson 2: Climate History and Change
Resource: Glacial Lake Missoula
Video: Reconstructing Climate History – How Do We Know? How do scientists know about what Earth's
climate was like in the past? The video discusses scientific methods used to reconstruct past climates. |
Video credit: National Science Foundation
Video: Studying Ice Cores in Antarctica. An interview with paleoclimate scientist Dr. Nerilie Abram, who
studies ice cores in Antarctica to reconstruct past climate conditions. | Video credit: Natural History
Museum
Video: Earth’s Long-Term Warming Trend, 1880-2015. A time-lapse video of annual average temperatures
across the globe over the past century. | Video credit: NASA
Video: Photo Evidence: Glacier National Park is Melting Away. Visual evidence of vanishing glaciers in
Glacier National Park. | Video credit: National Geographic
Supplemental Reading:
 Open Geology: An Introduction to Geology
o Only --> Section 15.4: "Anthropogenic Causes of Climate Change"
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Lesson 3: Mitigation of Climate Change
Video: Big Idea 9: Humans Change Earth. A discussion of how human activities have changed the Earth
system. | Video credit: American Geosciences Institute
Resource: Intergovernmental Panel on Climate Change (IPCC)
Video: Climate Change 2014: Mitigation of Climate Change. Climate change affects everyone on Earth. A
growing human population, in combination with increased consumption, are driving rapid changes in
Earth's climate. How will the climate changes affect global societies, and what can be done to mitigate the
effects? The video discusses scientifically informed mitigation strategies to tackle and reduce the effects of
climate change. | Video credit: Intergovernmental Panel on Climate Change (IPCC)
Video: Cities and Climate Change: Making the Links. Examination of the vulnerability of large cities to the
effects of climate change, as well as the opportunities that cities have to improve their resiliency to climate
change. | Video credit: TedX University of Toronto
Supplemental Reading:
 Climate Literacy: The Essential Principles of Climate Science (Science and Policy)
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit
10. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 11
Unit 11: Floods
Classroom Questions and Discussion: What are you curious about?
Please respond to the following open-ended discussion prompt using 1-3 complete sentences:
Post 1: Question -- What are you most curious about when it comes to natural hazards and disasters?
What burning question(s) do you have that were not addressed in previous units? Your question can either
be a specific, fact-based question or an open-ended, opinion-based question. The goal is to allow everyone
an opportunity to pose a question they are curious about, and to ignite classroom discussions on topics of
the greatest interest to everyone!
Please follow-up with a response to a fellow classmate using 3-5 complete sentences:
Post 2: Response -- After you have posted your own question, review the questions posted by your fellow
classmates and respond to them if you can; you must respond to at least one post from a fellow
classmate. The goal is to get some good discussions going and to engage with your fellow classmates.
Please return to this forum now and then as you move forward with the course to continue engaging in
discussions.
Feel free to upload images if you like (not required).
Note: If you are the first person in the class to reach this forum, and you therefore have no posts to
respond to yet, then you can either (1) post a second question, or (2) wait for a fellow classmate to reach
this forum.
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Lesson 1: Stream Flow
Video: USDA Watershed Learning Animation. Introduction to watersheds and how humans rely on, and
influence, watersheds. | Video credit: USDA
Video: Streamflow. Discussion of the physical properties and mechanisms that affect stream flow and
sediment transport. | Video credit: North Carolina State University / NSF
Supplemental Reading:
 Physical Geology (Earle): "Stream Erosion and Deposition"
 Physical Geology (Earle): "Stream Types"
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Lesson 2: Flooding
Video: Floods 101. Examples of historic floods in the United States, including from Hurricane Katrina in
2005. | Video credit: National Geographic
Video: Porosity and Permeability. Demonstration of the concepts of porosity and permeability and how
they relate to groundwater reservoirs in the Earth. | Video credit: North Carolina State University / NSF
Video: Where is the Water Table? An introduction to the water table, how the water table is measured,
and how the water table changes with variations in precipitation and use. | Video credit: North Carolina
State University / NSF
Supplemental Reading:
 USGS: "Floods and Floodplains"
 USGS: "Interaction of Groundwater and Streams"
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Lesson 3: Mitigating Flood Damage
Video: How Decades of Houston Development Add Up to Rising Flood Risk. An examination of the historic
Hurricane Harvey floods in Houston in 2017, and how they were affected by mass development. The video
considers the balance between regulation and economic growth, particularly as the issue applies to natural
hazards. | Video credit: PBS News Hour
Video: The Radical Approach These Communities Have Taken to Flood Mitigation. An examination of US
towns located in floodplains taking drastic measures to relocate all of their citizens. | Video credit: PBS
News Hour
Video: Feeling the Effects of Climate Change. A discussion of how the Pacific islands of Kiribati and Palau
are struggling with rising flood waters in the face of climate change. | Video credit: National Geographic
Supplemental Reading:
 FEMA: "Be Prepared for a Flood"
Optional: Open Discuss and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit
11. The TA and I will respond to questions as quickly and as best as we can. We encourage each of
you to respond to posts as well, since peer-to-peer communication can be one of the best ways to
learn.
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Resource List for GEO 107N: Natural Disasters – Unit 12
Unit 12: Hurricanes
Question for Thought: Hurricane Trajectories
Please respond to the following open-ended discussion prompt using 3-5 complete sentences:
Why do you suppose that hurricanes make landfall along the east coast of the United States far more
frequently than on the west coast? Please: Refrain from looking up correct answers on the web. Instead,
give the question some thought and make an educated guess!
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Lesson 1: Hurricane Formation
Video: ‘Fuel for the Storm’ (hurricane). Introduction to hurricane formation. The necessary ingredients
include warm ocean waters, moist air, and suitable wind conditions. | Video credit: NOAA
Image: World map showing the typical paths of tropical cyclones and their different names in different
parts of the world. | Figure Credit: NASA

Video: Hurricanes and Why They Form. Introduction to hurricane formation and classification based on
region and wind speeds. The video also briefly mentions the possible effects of climate change on
hurricane frequency and severity. | Video credit: UK Met Office
Video: Hurricanes 101. An introduction to hurricanes, with a focus on the interior structure of hurricanes
and the damages that can be caused when hurricanes make landfall. | Video credit: National Geographic
Image: A schematic diagram showing the interior structure of a hurricane. The center of a hurricane,
known as the eye, is relatively calm with descending air. The wall of the eye is violent with strong winds
and low pressure. | Figure Credit: NASA
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Video: The Coriolis Effect. Discussion of the Coriolis effect as it relates to hurricanes. | Video credit: PBS
NOVA
Supplemental Reading:
 Introduction to Oceanography (Webb): "Hurricanes"
 NOAA: "Tropical Cyclones"
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Lesson 2: Hurricane Damages
Video: Hurricane Surge. An introduction to how hurricanes cause storm surges through a combination of
low atmospheric pressure and strong winds. | Video credit: National Geographic
Video: Katrina Retrospective: 5 Years After the Storm. A look at how NASA satellites are used to study
hurricanes, including Hurricane Katrine in 2005. | Video credit: NASA Goddard Space Flight Center
Video: Did Climate Change Make Recent Extreme Storms Worse? Exploration of relationships between
climate change and hurricanes. | Video credit: PBS News Hour
Supplemental Reading:
 FEMA: "Be Prepared for a Hurricane"
Classroom Engagement: Reply to a Discussion Post
Take a moment to return to the "Question for Thought: Role of Government and Citizens" discussion at
the start of Unit 9. This is where you considered the rights and responsibilities of governments and
individual citizens/homeowners when it comes to preparing for and responding to natural disasters.
Review some of the posts made by your fellow classmates.
Did any of the posts raise interesting points that made you re-consider your own point-of-view? Which
points and why? Perhaps a fellow classmate considered the question from a different viewpoint, or argued
their point-of-view very effectively. In addition, were there any points that you respectfully disagreed
with? Which points and why?
Your task: Post at least one "Reply" to the response(s) that gave you reason to pause and re-consider your
own perspective on the rights and responsibilities of the government and citizens, or to a response that
you respectfully disagreed with. Your reply is open-ended. The goal here is to engage directly in discussion
with other students in the course. Opposite viewpoints are expected and encouraged, but please be
respectful and considerate of others in your reply; rights and responsibilities of governments and citizens
can sometimes be a sensitive and hotly debated topic.
Optional: Open Discussion and Q & A
Use this space to post new discussion topics and questions related to the course content from Unit 12. The
TA and I will respond to questions as quickly and as best as we can. We encourage each of you to respond
to posts as well, since peer-to-peer communication can be one of the best ways to learn.
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Resource List for GEO 107N: Natural Disasters – Unit 13
Unit 13: Wildfires
Kick-Start Activity: Montana Wildfires
Please complete the following activities and questions:





Check out the incident website of the National Wildfire Coordinating Group.
o Are any wildfires currently burning in Montana? If so, what is the name of the fire that is
burning closest to Missoula?
o Navigate to "Incident Table View" (tab at the bottom). Click twice on the "Size" tab until
the incidents are ordered by size in acres. What is the largest fire currently burning in the
US (name and location)? If none, are any other types of incidents reported?
Navigate to the Twitter page of the Montana Department of Natural Resources and Conservation
Fire Protection Bureau
o What is the subject of their most recent social-media post?
Navigate to the Twitter page of Montana Disaster and Emergency Services
o What is the subject of their most recent social-media post?

58

Lesson 1: Causes and Behavior
Video: Fire and the Fire Triangle. A discussion of the three requirements for combustion, which can be
represented conceptually using the fire triangle. | Video credit: New Mexico NSF EPSCoR
Video: Understanding the Spread of Wildfire. A glimpse into research being conducted at a fire sciences lab
in Missoula to better understand the ignition and spread of wildfires. | Video credit: Missoula Fire Sciences
Laboratory
Resource: FireSafe Montana provides good information about fire safety for home and land owners
Video: Wildfires 101. A summary of wildfires, including the causes and behavior of fires, the importance of
natural fires to ecosystems, and ways in which humans can mitigate the ignition and spread of wildfires. |
Video credit: National Geographic
Supplemental Reading:
 Open Geography: Natural Disasters
o "Introduction to Wildfires" (no need to read the long attached USDA report)
o "The Fire Environment"
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Lesson 2: Management and Mitigation
Video: Why Wildfires Have Gotten Worse – and What We Can Do About It. Discussion of the complexities
of balancing active fire management with the natural ability of forests to regulate growth. Wildfires benefit
ecosystems and also pose risks to humans, so the challenge lies in how to find balance. New scientific
research helps us to learn more about effective strategies for fire management. | Video credit: TED:]
Video: The Heart of a Firefighter. Overview of the range of jobs available through the US Forest Service in
wildland fire management. The movie showcases the personal stories of several men and women who
were called to serve as firefighters. | Video credit: US Forest Service
Video: Defensible Space: Protecting Your Home and Property from Wildfire. Discussion of "defensible
space," or how a landowner can make their property more resilient to wildfire. | Video credit: US Forest
Service
Supplemental Reading:
 USGS: "Wildfire Hazards -- A National Threat"
 USGS: "Wildland Fire Science"
 America's PrepareAthon: "How to Prepare for a Wildfire"
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Lesson 3: Montana Wildfires
Video: The Fire That Changed Everything – The Big Burn. First part of a documentary produced by PBS on
the Great Fire of 1910. | Video credit: PBS American Experience | ** Transcript for "The Big Burn" on
American Experience **
Video: Mann Gulch: The Wrath of Nature. The Mann Gulch fire of 1949 is forever etched into Montana
history as a natural tragedy that claimed the lives of thirteen young smokejumpers. | Video credit: US
Forest Service
Video: Inside Yellowstone – Wildland Fire. Wildfires are a natural part of forest evolution. In Yellowstone
Natural Park, a Natural Burn Policy allows naturally ignited fires to continue burning. Fire is important to
the local ecosystem, including to the health and rejuvenation of the Lodgepole Pine forests. | Video credit:
National Park Service
Video: Wildfires and Air Quality. Discussion of health hazards due to wildfire smoke, and how the Montana
Department of Environmental Quality (DEQ) monitors and reports information on state-wide air-quality
levels. | Video credit: Montana DEQ
Resource: The Montana DEQ website provides daily updates of Montana air quality along with additional
instructional information.
Supplemental Reading:
 Diane Smith: "Yellowstone National Park and the Summer of Fire"
 NOAA: "The Impact of Wildfires on Climate and Air Quality"
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit 13. The
TA and I will respond to questions as quickly and as best as we can. We encourage each of you to respond
to posts as well, since peer-to-peer communication can be one of the best ways to learn.
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Resource List for GEO 107N: Natural Disasters – Unit 14
Unit 14: Space Objects
Community Engagement: Science and Social Media
Science is meaningless unless it is shared. We have learned that education and community preparedness
are some of the best tools that we have for mitigating the destruction from natural events.
In this activity, you are asked to design a post that you might share on social media. After you share your
post to the discussion forum here, you can optionally share your post over social media as well (but that is
not required!).
Design a social media post (e.g. Twitter, Facebook, Instagram, etc.) that shares with the public something
from this course that you found most interesting or important. For example: You may share a piece of
scientific information about a natural hazard (e.g. how hurricanes develop); or you may share information
about a particular event that we have studied (e.g. 2011 Japan tsunami); or you may share information on
how to prepare for a natural hazard (e.g. what to do during an earthquake); or you may share an aspect of
the course that surprised you the most (e.g. earthquakes cannot be predicted). The choice is up to you.
You can optionally share images or videos with your post as well (not required).
Let's spread the word about the science behind natural disasters and how we can all be better prepared!
If you choose to share your post on an actual social-media platform, please feel free to share a link to your
post on the forum here, if you like (not required). You are encouraged to support ("like", "re-tweet", etc.)
the posts of your classmates.
Discussion Question: Self Reflections
Please respond to the following open-ended discussion prompt using 6-12 complete sentences:
As we wrap up the course, please take a moment to reflect on your deeper understanding of the science
behind natural disasters as well as the societal impacts, and how that knowledge relates to your own
academic journey, future career, and life goals.
(a) Natural disasters are interdisciplinary and affect everyone on the planet in some way or another.
Natural disasters affect businesses, industries, economies, arts and culture, government policies, nonprofit organizations, tourism, mental and physical healthcare industries, water and food supplies, air
quality, political stability, and more. Please take a moment to consider how a better understanding of
natural disasters might play a role in your future academic, personal, and professional goals. Please
discuss your thoughts briefly here.
(b) What do you consider to be the most important or beneficial aspects of the course to furthering your
personal, academic, and/or professional career goals? What topics, units, or concepts will stay with
you the most? Why?
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Special End-of-Term Surprise!!! Please read.
Special Surprise!!!
As a surprise bonus for your hard work this semester, Unit 14 activities will be optional, and will not be
included on the Final Exam. You may work through the Unit 14 activities for fun if you wish, but they are
not required.
Congratulations on all your great accomplishments and contributions this semester! We've explored the
science behind many different types of natural disasters as well as the important impacts on society. I
hope that you've learned a lot and had some fun along the way. Natural disasters are interdisciplinary and
affect all of us, and I hope that you've found value in your time spent on this course, no matter which
career path you plan to pursue in the future.
Please spread the word about natural-disaster science and preparedness to those around you. You can be
a voice for change and resilience in your community. Human lives and infrastructure are lost every year to
natural disasters. Not all losses need to be inevitable. With more education and outreach, we can all help
our families and communities to become more resilient!
The intent of this course was not to scare you about what could go wrong, but to empower you with
knowledge and awareness to make educated decisions about your place in our natural world and to be
prepared for the natural hazards around you. No matter where you live on Earth, you cannot escape from
natural processes and hazards. Natural hazards, however, need not become natural disasters. Hazards
only become disasters when people are underprepared when an event strikes. The Earth is a dynamic
planet and natural processes will continue to unfold; we cannot prevent them from happening, nor would
it be wise to try to do so. The energy from our planet and the space environment surrounding us must be
released somewhere. We can, however, be equipped with knowledge, supplies, and action plans to
mitigate the risk of natural events turning into natural disasters.
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Lesson 1: Space Objects
Video: Solar System 101. Introduction to the Solar System, including the eight known planets, the asteroid
belt, the Kuiper belt, and the Oort cloud. | Video credit: National Geographic
Video: Meteors: Crash Course Astronomy #23. Introduction to different types of space objects, including
asteroids, comets, meteoroids, meteors, and meteorites. | Video credit: PBS Crash Course
Video: Why Are There No Planets in the Asteroid Belt? Why are there no planets in the Asteroid Belt? The
video explores the origins of the Asteroid Belt, and its relationship to other planets in our Solar System. |
Video credit: American Museum of Natural History
Video: Evidence of a Ninth Planet. Announcement of the scientific discovery of a ninth planet in our Solar
System. The new planet, dubbed Planet Nine, has so far only been observed indirectly, by observing orbital
perturbations to other objects in the Solar System. However, the opportunity now exists for astronomers
to confirm the discovery by searching for the putative planet directly in the night sky. | Video credit:
Caltech
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Lesson 2: Historic Impacts
Chart: The Geological Society of America provides a chart of geologic timeline.
Video: The Day the Mesozoic Died: The Asteroid that Killed the Dinosaurs. A comprehensive examination
of the evidence in support of a rapid mass-extinction event that took place approximately 66 million years
ago. Evidence is presented from the rock record, fossil record, and satellite imagery. The mass-extinction
event coincides with the time that a large asteroid, approximately 10-kilometers in diameter, struck the
Earth. The energy released in the impact, and the secondary effects of the impact on global climate, would
have been catastrophic to life on Earth, and likely led to the extinction of the dinosaurs. | Video credit:
HHMI BioInteractive
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Lesson 3: Risk of Impacts
Video: 5 Ways to Stop a Killer Asteroid. A summary of the risks and consequences of impacts with space
objects across a range of sizes. The video also discusses several strategies for deflecting or destroying Near
Earth Objects that pose a threat to the Earth. Note: You do not need to watch the video beyond about
8:36. | Video credit: PBS Digital Studios
Video: NASA Planetary Defense: The Asteroid Hunters. NASA is one of the organizations leading the way in
the hunt for NEOs and hazardous space objects. The video illustrates how NASA scientists identify NEOs
using telescopes, computer programs, and human eyes, and then assess risks. | Video credit: NASA
Video: Asteroid Impact Mission. An overview of the European-led Asteroid Impact Mission (AIM) and the
US-led Double Asteroid Redirection Test (DART), which will provide important scientific and technological
information about asteroids and our ability to deflect the course of NEOs. | Video credit: ESA (see also
NASA Asteroid Impact and Deflection Assessment (AIDA) Mission)
Optional: Open Discussion and Q&A
Use this space to post new discussion topics and questions related to the course content from Unit 14. The
TA and I will respond to questions as quickly and as best as we can. We encourage each of you to respond
to posts as well, since peer-to-peer communication can be one of the best ways to learn.
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Project for GEO 107N: Natural Disasters
Project Description:
The goal of this project is to gain a deeper awareness and understanding of a natural disaster in the news
media. The natural disaster that you select may be of any type, including but not limited to: volcanic
eruption, earthquake, hurricane, tornado, tsunami, wildfire, flood, asteroid impact, landslide, avalanche,
severe thunderstorm, extreme temperature, and drought.
To complete the project (split into two parts), you will need to:

Part 1:
1. Select an article of interest to you: Identify and read a news article of your choice that discusses a
recent or current natural disaster from anywhere in the world. Please use only reputable news
sources (feel free to email me if you are unsure).
2. Summary: Summarize the news article in your own words. Provide a formal citation for the article.
Example citation:
Title: “5.8 Magnitude Earthquake Rattles Western Montana”
Source: Missoulian newspaper
Published on: 6 July 2017
Retrieved on: 15 May 2019
Contributing authors: H. Michels, J. Fraser, J. Chaney, D. McCumber, D. Erickson, A. Nervobig, & A. Small.
URL: https://missoulian.com/news/state-and-regional/magnitude-earthquake-rattles-westernmontana/article_bf149168-f4ab-582b-b28d-3acf96af8400.html
Detailed Requirements:




A cover page that includes the following information
o Your full name and student ID number (790- number)
o Full citation of the news article:
 Title of the article
 Name of the news source
 Author(s) of the article
 Date the article was published
 Date the article was retrieved
 URL for the article (if retrieved from an on-line source)
An essay summarizing the news article in your own words:
o Your summary must be 400-500 words in length (~1-2 pages double-spaced)
o Your summary must be written in complete sentences
o Your summary must be written in your own words and reflect your own understanding of
the article
o Consider the following questions as you summarize the article:
 What was the type of natural disaster that occurred?
 How did the natural disaster unfold?
 Why is your chosen natural disaster news-worthy?
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What aspects of the natural disaster does the news article focus on?

Evaluation:
Part 1 of the project will be worth 5% of your overall course grade. The detailed breakdown of evaluation
for Part 1 is as follows:
1.
2.

Cover page (20%)
Summary of article (80%)

Due Date:
Part 1 of the project will be due on or before Friday October 11th, 2019.
** Do not wait until the last minute! **
Late projects will not be accepted. It is your responsibility to plan ahead. You are strongly advised to begin
and submit the project well in advance of the deadline to avoid any last-minute problems. You are
welcome to submit your project at any time until the deadline, starting with the first day of class.
Projects should be completed thoughtfully, with good organization and development.
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Part 2:
Part 2 will expand upon the analysis of the article you read and discussed for Part 1. To complete Part 2 of
the project, you will need to:
1. Scientific background: Research the science behind your chosen natural disaster by consulting
resources from the Moodle course, the UM Library, or reputable online articles. Discuss the
scientific causes and context of the natural disaster in your own words. Include citations for all
sources of information.
2. Societal impact: Reflect on the societal impact of the natural disaster. Discuss the effect of the
disaster on local, regional, and/or global communities in your own words.
3. Plan of action: Suppose that you are the mayor of the community that was most directly and
severely impacted by the disaster. What actions would you take right now to mitigate the effects
of a similar disaster in the future?
Example Citation:
Bibliography: Hyndman, D. & D. Hyndman (2017). "Natural Hazards and Disasters," 5th Edition. Boston,
MA: Cengage Learning.
In-text: (Hyndman & Hyndman, 2017)
APA citation guidelines (as an example)
(Hint: The UM Writing Center can help with citations)
Detailed Requirements:
The detailed requirements below may seem overwhelming at first, but the intent is to be clear about
expectations and to provide ample guidance. The details should help you be more confident that you are
producing a good product. As always, feel free to reach out with questions about the assignment.


A cover page that includes the following information (copied from Part 1)
o Your full name and student ID number (790- number)
o Full citation of the news article:
 Title of the article
 Name of the news source
 Author(s) of the article
 Date the article was published
 Date the article was retrieved
 URL for the article (if retrieved from an on-line source)



A short essay discussing the science behind the natural disaster in your own words:
o Your discussion of the scientific background must be 400-500 words in length (~1-2
pages double-spaced)
o Your discussion must be written in complete sentences
o Your discussion must be written in your own words and reflect your own
understanding of the science
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o

o

o

You can use information from the Moodle course (including links to textbooks and
other open educational resources) as well as optionally consult with other sources of
information (e.g. textbooks from the UM library)
Include formal citations (both in-text and a bibliography at the end) for all external
sources of information; you may use any citation style that you wish (see example
above)
Consider the following questions as you discuss the science behind the disaster (you
do not need to answer all questions depending on your topic and available
information; you may also create your own questions):
 What are the underlying physical forces and environmental conditions that
likely caused the event?
 What physical processes were involved when the event unfolded? How was
energy stored and transferred?
 Was the event triggered by another natural event? Did the event trigger
another natural event?
 Are similar events likely to happen in the same place in the future? Why or
why not? How frequently do such events occur in that particular area?



A continuation of your essay discussing the societal impacts of the natural disaster in your own
words:
o Your discussion of the societal impacts must be 400-500 words in length (~1-2 pages
double-spaced)
o Your discussion must be written in complete sentences
o Your discussion must be written in your own words and reflect your own
understanding of the societal impacts
o Consider the following questions as you discuss the societal impacts of the natural
disaster (you do not need to answer all questions depending on your topic and
available information; you may also create your own questions):
 How has the event affected local, regional, and/or global communities? Are
the effects primarily financial in nature? How did the event impact human
health and well-being, both physically and mentally?
 Will the impacts be felt long-term or short-term? Why?
 How has the community responded to the disaster? Were people prepared?
Why or why not?
 Have similar events occurred in that region in the past? How did the impact of
this event compare with past events?



A continuation of your essay that considers a plan of action that you might take if you were an
elected official:
o Your plan of action must be 400-500 words in length (~1-2 pages double-spaced)
o Your plan of action must be written in complete sentences
o Your plan of action must be written in your own words
o Consider the following:
 Suppose that you are the mayor of the community that was most directly and
severely impacted by the disaster. What actions would you take right now to
mitigate the effects of a similar disaster in the future?
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Evaluation:
Part 2 of the project will be worth 15% of your overall course grade. The detailed breakdown of evaluation
for Part 2 is as follows:
1.
2.
3.
4.

Cover page (10%)
Scientific background (30%)
Societal impacts (30%)
Plan of action (30%)

Due Date:
Part 2 of the project will be due on or before Friday November 8th, 2019. (EXTENDED: Now due by
Tuesday November 12th!).
** Do not wait until the last minute! **
Late projects will not be accepted. It is your responsibility to plan ahead. You are strongly advised to begin
and submit the project well in advance of the deadline to avoid any last-minute problems. You are
welcome to submit your project at any time until the deadline, starting with the first day of class.
Projects should be completed thoughtfully, with good organization and development.

71

Optional Resources for GEO 107N: Natural Disasters
Books and Articles
This section includes full open-access textbooks as well as additional reading materials to further support
your learning experience. Have fun exploring!
Physical Geology – Steven Earle
An Introduction to Geology - Chris Johnson, Matthew D. Affolter, Paul Inkenbrandt, Cam Mosher
Open Geography Education - R. Adam Dastrup
Geology - Kimberly Schulte
Oceanography – Hill et al.
Physical Geography – K. Allison Lenkeit-Meezan

Fun and Games
Here are links to games and other fun activities related to natural disasters. You are not required to do the
activities, but you might enjoy exploring them in your spare time. Happy trails!
Stop Disasters! Game
USGS Search Earthquake Catalog
NOAA: “Full Moon Tsunami”
Natural Disaster Statistics

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.
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